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Effects of exposure to diesel exhaust on gene expression changes in the olfactory bulb are 
dependent on animal rearing environment	
	 Satoshi Yokota1,2, Hiroshi Hori2,  Ken Takeda2	
1. Department of Hygiene Chemistry, School of Pharmaceutical Sciences, Ohu University, Fukushima, Japan  
2. Department of Hygiene Chemistry, Faculty of Pharmaceutical Sciences, Tokyo University of Science, Chiba, Japan 
There is an emerging concern that particulate air pollution increases the risk of cranial 
nerve disease onset. Small nanoparticles, mainly derived from diesel exhaust particles 
reach the olfactory bulb by their nasal depositions. It has been reported that diesel 
exhaust inhalation causes inflammation of the olfactory bulb and other brain regions. 
However, these toxicological studies have not evaluated animal rearing environment. 
We hypothesized that rearing environment can change mice phenotypes and thus 
might alter toxicological study results. In this study, we exposed mice to diesel exhaust 
inhalation at 90 µg/m3, 8 hours/day, for 28 consecutive days after rearing in a standard 
cage or environmental enrichment conditions. Microarray analysis found that 
expression levels of 112 genes were changed by diesel exhaust inhalation. Functional 
analysis using Gene Ontology revealed that the dysregulated genes were involved in 
inflammation and immune response. This result was supported by pathway analysis. 
Quantitative RT-PCR analysis confirmed 10 genes. Interestingly, background gene 
expression of the olfactory bulb of mice reared in a standard cage environment was 
changed by diesel exhaust inhalation, whereas there was no significant effect of diesel 
exhaust exposure on gene expression levels of mice reared with environmental 
enrichment. The results indicate for the first time that the effect of diesel exhaust 
exposure on gene expression of the olfactory bulb was influenced by rearing 
environment. Rearing environment, such as environmental enrichment, may be an 
important contributive factor to causation in evaluating still undefined toxic 
environmental substances such as diesel exhaust.	
Design of the present study 	Abstract	
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We conducted RT-PCR quantification of the expression of 11 selected genes in a 
second set of samples (not included in the microarray experiments) to validate the 
microarray data and obtain expression data for each sample. From the 11 selected 
genes, except for Fam13c, RT-PCR analysis validated the results for 10 genes: 
Chmp4b, Cxcl10 and Dbp in cluster A, Cyp2f2, Aqp3, Mslnl, Krt18 and Umodl1 
in cluster B, and Nr1i3 and Sdad1 in cluster C. Interestingly, there was no 
difference in gene expression levels between EE-C and EE-DE, whereas 
expression levels of the genes were dysregulated by DE exposure of mice reared 
in a standard cage environment.	
Validation of Microarray Results by RT-PCR	
Animal Ethics	
Our study demonstrates that DE-induced dysregulated genes of the 
olfactory bulb were influenced by early housing environment. We reported 
that 28-day DE exposure affected immune and inflammatory responses 
when reared in a standard cage environment during the perinatal period, 
but not when reared in environmental enrichment during this same period. 
These results provide novel insights regarding housing environment for the 
evaluation of health effects of DE. Further investigation is required to 
investigate the precise mechanisms of immune response and histological 
analyses of environmental concentrations of DE on olfactory bulb of mice 
reared in different housing environments.	
Conclusion	
All experiments were approved by Tokyo University of Science’s 
Institutional Animal Care and Use Committee (approval number 12-16).	
There were no conflict of interest.	
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The color scale ranges from 
saturated green for down regulated 
to saturated red for up regulated.  
Microarray analysis found that 
expression levels of 112 genes 
were changed by diesel exhaust 
inhalation.	
We exposed mice to diesel exhaust inhalation at 90 µg/m3, 8 hours/
day, for 1 month after rearing in a standard cage or environmental 
enrichment conditions during prenatal and lactation period.	
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Cluster A	
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To extract characteristic gene sets that were differentially expressed after subacute 
exposure to DE, the log2 fold-change data (C-C vs. C-DE, EE-C vs. EE-DE, and C-C vs. 
EE-DE comparison in offspring) of gene expression were hierarchically clustered using a 
complete linkage algorithm and Euclidean distance as the distance metric. The analysis 
was performed using Cluster 3.0, and the result was visualized by Java TreeView.	
To better understand the biological meanings of the 
microarray results, functional analyses were performed 
using gene annotation by Gene Ontology (GO). Some 
gene sets obtained by hierarchical cluster analysis were 
annotated with GO using an annotation file provided by 
National Center for Biotechnology Information. Enrichment 
factors for each GO were defined as (nf/n)/(Nf/N), where 
nf is the number of flagged genes within the category, Nf is 
the total number of genes within that same category, n is 
the number of flagged genes on the entire microarray, and 
N is the total number of genes on the microarray. 
Statistical analysis was performed using Fisher’s exact 
test based on a hypergeometric distribution to calculate P 
values. The categories with a high enrichment factor and 
P<0.05 were extracted. 	
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